Identifi cation of species in fungi has always been challenging due to their cryptic nature. Furthermore, universally accepted DNA barcode markers are lacking, with the ribosomal internal transcribed spacer region (ITS) showing the highest probability of successful identifi cation of the broadest range of fungi ( Schoch et al., 2012 ) . In orchid mycorrhizae, the ITS as well as the mitochondrial large subunit (LSU) are most commonly used. However, dependence on only two sequence loci for accurate species identifi cation lacks discrimination, especially for fi ne-scale ecological and evolutionary interaction studies between orchids and their mycorrhizal symbionts.
1 Manuscript received 31 July 2012; revision accepted 9 September 2012. We thank our collaborators who kindly provided mycorrhizal isolates for cross-species transferability tests: Ryan Phillips (isolates from Drakaea and Paracaleana ), Mark Clements and Chris Howard (isolates from Corybas , Cryptostylis , and Rhizanthella ), Zoe Smith ( Tulasnella isolates from Diuris ), and Magali Wright ( Sebacina isolates from Caladenia ). This work was supported by the Australian Research Council (DP0451374 to R.P., LP098338 and LP110100408 to R.P. and C.C.L.). 3 • Premise of the study: Phylogenetic and microsatellite markers were developed for Tulasnella mycorrhizal fungi to investigate fungal species identity and diversity. These markers will be useful in future studies investigating the phylogenetic relationship of the fungal symbionts, specifi city of orchid-mycorrhizal associations, and the role of mycorrhizae in orchid speciation within several orchid genera. • Methods and Results: We generated partial genome sequences of two Tulasnella symbionts originating from Chiloglottis and Drakaea orchid species with 454 genome sequencing. Cross-genus transferability across mycorrhizal symbionts associated with multiple genera of Australian orchids ( Arthrochilus , Chiloglottis , Drakaea , and Paracaleana ) was found for seven phylogenetic loci. Five loci showed cross-transferability to Tulasnella from other orchid genera, and two to Sebacina . Furthermore, 11 polymorphic microsatellite loci were developed for Tulasnella from Chiloglottis . • Conclusions: Highly informative markers were obtained, allowing investigation of mycorrhizal diversity of Tulasnellaceae associated with a wide variety of terrestrial orchids in Australia and potentially worldwide. Microsatellite primer design -The 454 reads of Tulasnella from C. aff. jeanesii were screened for di-, tri-, tetra-, penta-, and hexanuclotide repeats using the online software MSATFINDER (http://www.genomics.ceh.ac.uk/ msatfi nder/). A total of 800 contigs with simple sequence repeats (SSR) were detected. Using the criterion of at least eight repeat units in the sequence, we designed 24 primer pairs using Primer3 . Two additional SSR loci were obtained via a genomic library enriched for CAG repeats with target clones identifi ed by PCR using published methods ( Adcock et al., 2005 ) .
Screening of the loci was performed on several Tulasnella individuals from eight Chiloglottis species sourced from one or two geographic locations per species (Appendix 3). Forward primers had universal M13 tails added as per the method of Schuelke (2000) . PCRs were performed in 30-μ L reactions containing 1 × PCR buffer (1.5 mM MgCl 2 , 50 mM KCl, 10 mM Tris-HCl pH 8.3 fi nal concentration; QIAGEN), 0.2 μ M dNTPs, 5 μ g BSA (New England Biolabs), 200 nM of nonlabeled primer, 50 nM of M13-labeled primer, 100 nM of 21M13 primer (labeled with FAM, NED, or VIC; Applied Biosystems), and 20-100 ng of template DNA. PCR was performed using the touchdown thermal profi le described earlier. Some loci required further optimization of annealing temperatures ( Table 2 ) . Fragment analysis was performed on an ABI 3100 sequencer with amplifi ed products mixed with a 500 LIZ (Applied Biosystems) size ladder, and genotyping determined using GeneMapper version 3.7 software (Applied Biosystems). Eleven loci (two loci from the genomic library) ( Table 2 ) amplifi ed reliably and were polymorphic for Tulasnella in all eight Chiloglottis host species. Allelic diversity and genotype analyses were performed using GenAlEx version 6.5 ( Peakall and Smouse, 2012 ) . All loci resulted in two alleles per locus, consistent with a dikaryotic haploid nature of related genera. Twenty-four genotypes were found among 42 Tulasnella isolates assayed. Genotypes were not shared among Tulasnella isolates from eight Chiloglottis species, or between sites within a host species (Appendix 4).
CONCLUSIONS
We successfully designed polymorphic coding and noncoding markers for Tulasnella mycorrhizal fungi from numerous species within four genera of Australian orchids. Some loci are also useful at higher taxonomic levels because they amplify and provide useful sequences for Sebacina and/or Ceratobasidium . We found that the microsatellite markers are suffi ciently polymorphic to investigate species and population-level diversity of Tulasnella from Chiloglottis hosts. These newly developed polymorphic markers will be useful to investigate diversity, phylogenetic relationships, and specifi city of the mycorrhizalorchid associations. 
